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(54) HETEROJUNCTION BIPOLAR TRANSISTOR AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a heterojunction bipolar 
transistor with a device structure which is easily planarized and simple in 
manufacturing process steps, while maintaining high device characteristics, 
and to provide a method of manufacturing the same. 
SOLUTION: In this transistor, a first conductivity-type collector layer 12, a 
second conductivity base layer 13, and a first conductivity emitter layer 14 
having an inhibit bandwidth larger than that of the layer 13 each of which is 
composed of a III-V compound semiconductor thin film, are formed on a 
GaAs substrate 10. Electrodes are formed on the respective layers. In this 
case, a low-resistant, first conductivity-contact layer 18, doped with an 
impurity highly concentrated than the layer 12 is inserted between the layer 
12 and a collector electrode 22. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim] 

[Claim 1] The collector layer of the 1st conductivity type which consists of a 3-5 group compound semiconductor thin film on 
a semiconductor substrate, In the heterojunction bipolar transistor by which the base layer of the 2nd conductivity type and 
the emitter layer of the 1 st conductivity type with forbidden-band width of face larger than the aforementioned base layer are 
formed one by one, and the electrode is formed in each layer The heterojunction bipolar transistor characterized by inserting 
the semiconductor layer of the 1st conductivity type of low resistance which doped the impurity to high concentration from 
the aforementioned collector layer between the aforementioned collector layer and a collector electrode. 
[Claim 2] The collector layer of the 1st conductivity type which consists of a 3-5 group compound semiconductor thin film on 
a semiconductor substrate, In the heterojunction bipolar transistor by which the base layer of the 2nd conductivity type and 
the emitter layer of the 1st conductivity type with forbidden-band width of face larger than the aforementioned base layer are 
formed one by one, and the electrode is formed in each layer The heterojunction bipolar transistor characterized by forming 
the semiconductor layer and collector electrode of the 1st conductivity type of low resistance which a part of aforementioned 
collector layer is removed, and doped the impurity from the aforementioned collector layer into the fraction at high 
concentration one by one. 

[Claim 3] The claim 1 whose impurity concentration in the semiconductor layer of the 1st conductivity type of the 
aforementioned low resistance is three or more [ 1x1018cm - ], or a heterojunction bipolar transistor given in two. 
[Claim 4] The heterojunction bipolar transistor to which the semiconductor layer of the 1st aforementioned conductivity type 
of low resistance which doped the impurity from the aforementioned collector layer to high concentration is characterized by 
forming forbidden-band width of face in the parvus semiconductor layer from the aforementioned collector layer in the claim 
1 or a heterojunction bipolar transistor given in two. 

[Claim 5] The heterojunction bipolar transistor characterized by forming all of an emitter, the base, and a collector electrode 
with the same alloy in the heterojunction bipolar transistor of claim 4 publication. 

[Claim 6] On a semiconductor substrate, by the 3-5 group compound semiconductor, the collector layer of the 1st 
conductivity type, In the manufacture technique of the heterojunction bipolar transistor containing the process which grows 
epitaxially the base layer of the 2nd conductivity type, and the emitter layer of the 1 st conductivity type with forbidden-band 
width of face larger than this base layer epitaxially one by one The manufacture technique of the heterojunction bipolar 
transistor characterized by forming the semiconductor layer of the 1st conductivity type of low resistance which doped the 
impurity to high concentration by the selective growth from the aforementioned collector layer between the aforementioned 
collector layer and a collector electrode. 

[Claim 7] On a semiconductor substrate, by the 3-5 group compound semiconductor, the collector layer of the 1st 
conductivity type, In the manufacture technique of the heterojunction bipolar transistor containing the process which grows 
epitaxially the base layer of the 2nd conductivity type, and the emitter layer of the 1 st conductivity type with forbidden-band 
width of face larger than this base layer epitaxially one by one The manufacture technique of the heterojunction bipolar 
transistor characterized by forming the semiconductor layer of the 1st conductivity type of low resistance which etched in a 
part of aforementioned collector layer, and doped the impurity from the aforementioned collector layer into the fraction at 
high concentration by the selective growth. 

[Claim 8] The manufacture technique of the claim 6 whose impurity concentration in the semiconductor layer of the 1st 
conductivity type of the aforementioned low resistance is three or more [ lxl 01 8cm - ], or a heterojunction bipolar transistor 
given in seven. 

[Claim 9] The manufacture technique of the heterojunction bipolar transistor characterized by forming an emitter cap layer 
simultaneously in the aforementioned semiconductor layer and the same semiconductor layer in case the aforementioned 
semiconductor layer of low resistance which doped the impurity from the aforementioned collector layer to high concentration 
is formed by the selective growth in the manufacture technique of the claim 6 or a heterojunction bipolar transistor given in 
seven. 

[Claim 10] The manufacture technique of the heterojunction bipolar transistor characterized by forbidden-band width of face 
forming a parvus semiconductor layer by the selective growth from the aforementioned collector layer in the manufacture 
technique of the claims 6 and 7 or a heterojunction bipolar transistor given in nine as the aforementioned semiconductor layer 
of low resistance which doped the impurity from the aforementioned collector layer to high concentration. 
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[Claim 1 1] The claim 1 whose aforementioned semiconductor substrate is Si or GaAs, or a heterojunction bipolar transistor 
given in two. 

[Claim 12] The manufacture technique of the claim 6 whose aforementioned semiconductor substrate is Si or GaAs, or a 
heterojunction bipolar transistor given in seven. 

[Claim 13] The claim 1 characterized by the semiconductor layer of the 1st conductivity type of low resistance which doped 
the impurity to high concentration consisting of a cascade screen of the 1st semiconductor layer and the 2nd semiconductor 
layer from the aforementioned collector layer, or a heterojunction bipolar transistor given in two. 

[Claim 14] The heterojunction bipolar transistor of the claim 13 publication characterized by for the semiconductor layer of 
the above 1st being n+-GaAs and the semiconductor layer of the above 2nd being n+-InGaAs. 

[Claim 15] The claim 13 characterized by the impurity concentration in the semiconductor layer of the above 2nd being larger 
than the impurity concentration in the semiconductor layer of the above 1st, and being three or more [ lxl 019cm - ], or a 
heterojunction bipolar transistor given in 14. 

[Claim 16] The manufacture technique of the claim 16 characterized by the impurity concentration in the semiconductor layer 
of the above 2nd being larger than the impurity concentration in the semiconductor layer of the above 1 st, and being three or 
more [ 1x1019cm - ], or a heterojunction bipolar transistor given in 17. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3 An the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed description] 
[0001] 

[The technical field to which invention belongs] About a heterojunction bipolar transistor and its manufacture technique, 
especially this invention has the small level difference of an emitter, the base, and a collector, and relates to the easy 
heterojunction bipolar transistor and its manufacture technique of a flattening. 
[0002] 

[Prior art] The heterojunction bipolar transistor (referred to as HBT below) using the 3-5 group compound semiconductor has 
the outstanding RF property and high current drive capacity, and moreover, since a single positive-supply operation is 
possible, promising ** of the application to the RF element and high power element of a mobile communication equipment or 
an optical transmission system is carried out, and it has already been put in practical use in part. When making it a 
miniaturization and IC of an element in these applications, the ease of carrying out of a flattening becomes important. 
However, since the conventional HBT is the vertical form structure which is shown in drawing 7 , in order to form each 
electrode of the emitter electrode 20, the base electrode 21, and the collector electrode 22, it needs to cut a deep mesa and the 
level difference of about 1 micrometer produces it very between the emitter electrode 20 and collector ** 22. Therefore, the 
flattening process in the case of making it IC becomes difficult. 

[0003] Moreover, at the conventional HBT shown in drawing 7 , in order to make a collector proof pressure high and to 
reduce the capacity between the collector-bases, a collector layer is formed by 1016cm - three sets of low concentration n type 
GaAses. By the case, it is non-doped. There is also a case of GaAs. Therefore, it is difficult to take a direct contact in a 
collector layer, and it inserts 1018cm - three sets (sub collector layer 12a) of high concentration n+-GaAs layers in the lower 
part of a collector layer, and forms a collector electrode 22 there. For this reason, the mesa card row is still deep. 
[0004] In a publication-number 14041 [ six to ] official report, **** . ************** e t al., journal **** crystal 
grotesque-**, 136 volumes, and 235-240 (1994) (Alexandre et al. } Journal of Crystal Growth, 136, pp235-240 (1994)), the 
method of preparing a contact layer on a sub collector layer is proposed to this problem. Drawing 8 is the example, and 
contact layer 12b which consists of n+-GaAs and n+-InGaAs on sub collector layer 12a is formed by the selective growth by 
CBE (Chemical Beam Epitaxy), and it is attaining the flattening. 
[0005] 

[Object of the Invention] With the structure of the conventional HBT mentioned above, a mesa card row 1 micrometers or 
more is made, and the flattening is difficult. Although the structure of HBT shown in drawing 8 is effective in order to cancel 
a collector mesa, since the sub collector layer is prepared as usual, a sub collector layer becomes a parasitic capacitance and 
there is a problem degrade a device property. 

[0006] Moreover, since it is necessary to etch to a sub collector layer, a mesa card row becomes deep, a thick 

selective-growth layer is needed, it is easy to carry out facet growth, and a flattening becomes difficult too. 

[0007] It is to offer the heterojunction bipolar transistor which can simplify a process, and its manufacture technique, the 

purpose of this invention making a flattening easy using a selective growth, and maintaining a high device property. 

[0008] 

[The means for solving a technical problem] The heterojunction bipolar transistor by this invention The collector layer of the 
1st conductivity type which consists of a 3-5 group compound semiconductor thin film on a semiconductor substrate, In the 
heterojunction bipolar transistor by which the base layer of the 2nd conductivity type and the emitter layer of the 1st 
conductivity type with forbidden-band width of face larger than the aforementioned base layer are formed one by one, and the 
electrode is formed in each layer It is characterized by inserting the semiconductor layer of the 1st conductivity type of low 
resistance which doped the impurity to high concentration from the aforementioned collector layer between the 
aforementioned collector layer and the collector electrode. 

[0009] Moreover, other heterojunction bipolar transistors by this invention The collector layer of the 1st conductivity type 
which consists of a 3-5 group compound semiconductor thin film on a semiconductor substrate, In the heterojunction bipolar 
transistor by which the base layer of the 2nd conductivity type and the emitter layer of the 1st conductivity type with 
forbidden-band width of face larger than the aforementioned base layer are formed one by one, and the electrode is formed in 
each layer A part of aforementioned collector layer is removed, and it is characterized by forming the semiconductor layer 
and collector electrode of the 1st conductivity type of low resistance which doped the impurity from the aforementioned 
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collector layer into the fraction at high concentration one by one. 

[0010] It is characterized by furthermore forbidden-band width of face forming the semiconductor layer of low resistance 
which doped the impurity from the collector layer to high concentration in a parvus semiconductor layer from a collector layer 
in the above-mentioned heteroj unction bipolar transistor. Moreover, with this structure, it is characterized by forming all of an 
emitter, the base, and a collector electrode with the same alloy. 

[001 1] The manufacture technique of the heterojunction bipolar transistor by this invention On a semiconductor substrate, by 
the 3-5 group compound semiconductor, the collector layer of the 1st conductivity type, In the manufacture technique of the 
heterojunction bipolar transistor containing the process which grows epitaxially the base layer of the 2nd conductivity type, 
and the emitter layer of the 1st conductivity type with forbidden-band width of face larger than this base layer epitaxially one 
by one It is characterized by forming the semiconductor layer of the 1st conductivity type of low resistance which doped the 
impurity to high concentration by the selective growth from the aforementioned collector layer between the aforementioned 
collector layer and a collector electrode. 

[0012] Other manufacture technique by the 3-5 group compound semiconductor on a semiconductor substrate Moreover, the 
collector layer of the 1st conductivity type, In the manufacture technique of the heterojunction bipolar transistor containing 
the process which grows epitaxially the base layer of the 2nd conductivity type, and the emitter layer of the 1st conductivity 
type with forbidden-band width of face larger than this base layer epitaxially one by one It etches in a part of aforementioned 
collector layer, and is characterized by forming the semiconductor layer of the 1st conductivity type of low resistance which 
doped the impurity from the aforementioned collector layer into the fraction at high concentration by the selective growth. 
[0013] In the above-mentioned manufacture technique, it etches in a part of collector layer, and is characterized by forming 
the semiconductor layer of low resistance which doped the impurity from the collector layer into the fraction at high 
concentration by the selective growth. Furthermore, in case the semiconductor layer of low resistance which doped the 
impurity from the collector layer to high concentration in the above-mentioned manufacture technique is formed by the 
selective growth, the emitter cap layer is also characterized by forming simultaneously in the same semiconductor layer. 
[0014] In the above manufacture technique, forbidden-band width of face may form a parvus semiconductor layer by the 
selective growth from a collector layer as a semiconductor layer of low resistance which doped the impurity from the collector 
layer to high concentration. 

[0015] Since the contact layer which becomes the collector layer upper part or the collector layer side face from the 
semiconductor layer of the high concentration 1st conductivity type by the selective growth is prepared according to this 
invention, it is not necessary to form a collector mesa. By preparing a certain amount of thickness in a contact layer, a 
flattening is made easily. Moreover, if it ******s among the collector section and the emitter section, by the selective growth, 
it will also be enabled to form simultaneously and simplification of a process can do a contact layer and an emitter cap layer. 
[0016] Furthermore, if forbidden-band width of face uses a parvus semiconductor layer from collector layers, such as InGaAs 
to GaAs, as a contact layer, contact resistance becomes low, it is the alloy of a Ti/Pt/Au system, and it is also possible to form 
an emitter, the base, and a collector electrode simultaneously. 
[0017] 

[Gestalt of implementation of invention] The gestalt of enforcement of this invention is explained in full detail below, 
referring to the appended drawing that the above-mentioned purpose, the characteristic feature, and advantage of this 
invention should be made clear. 

[0018] Drawing 1 is the configuration cross section of the heterojunction bipolar transistor of the gestalt of enforcement of the 
1st of this invention. In this drawing, the buffer layer 1 1 (thickness:500nm) which consists of i-GaAs or i-AlGaAs is formed 
on the half-insulation GaAs substrate 10, and the n-GaAs collector layer 12 (thickness :500nm) which doped Si 5xl016cm-3 is 
formed on this buffer layer 1 1 . 

[0019] On the collector layer 12, the p+-GaAs base layer 13 (thickness: 80nm) which doped carbon (C) 2xl019cm-3 is 
formed, and n-AlGaAs or the n-InGaP emitter layer 14 (thickness: lOOnm) which doped Si 3xl017cm-3 is formed on the base 
layer. 

[0020] On the emitter layer 14, in order to take an emitter electrode, the emitter cap layer which consists of the n+-GaAs layer 
15 (thickness: lOOnm) and the n+-InGaAs layer 16 (thickness: lOOnm) which doped Si to high concentration (3 or more 

1x1018cm - ]) is formed. Moreover, on the emitter cap layer, the emitter electrode 20 which consists of WSi is formed. 
[0021] Furthermore, contact layer 18(thickness:80nm)+6* which consists of n+-GaAs which doped Si three or more 

1x101 8cm - ] is prepared in an external collector field as a characteristic feature of this structure, and the collector electrode 
22 which consists of a nickel/AuGe/Au alloy on it is formed. An n+-InGaAs layer may be installed on the n+-GaAs contact 
layer 18, and contact resistance can be further reduced by preparing this layer. Moreover, the Ti/Pt/Au alloy is used for the 
base electrode 21. 

[0022] In addition, in the gestalt of the above-mentioned enforcement, if the thickness of GaAs, InGaAs, AlGaAs, and InGaP, 
doping concentration, and composition are adapted for the purpose of this structure, they are arbitrary. Moreover, although C 
is used as Si and a p type impurity as an n type impurity, Se and Sn are usable as an n type impurity. As a p type impurity, Zn, 
Be, Mg of all the things that suit the main point of this invention, etc. are usable. 

[0023] Furthermore as a substrate, you may use not only GaAs but Si. Moreover, the alloy used for an electrode is adapted for 
the purpose, and it is altogether usable. 

[0024] Next, the manufacture technique of the heterojunction bipolar transistor of the gestalt the 1st enforcement of the above 
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is explained with reference to drawing 4 . In this drawing, the buffer layer 1 1 (thickness:500nm) which uses a 
molecular-beam-epitaxy (MBE) method and consists of i-GaAs at the substrate temperature of 600 degrees C on the 
half-insulation GaAs substrate 10, and the n-GaAs collector layer 12 (thickness:500nm) which doped Si 5xl016cm-3 are 
grown up. 

[0025] Then, the p+-GaAs base layer 13 (thickness:80nm) which doped Be 4xl019</SUP> cm-3 is grown up. The n-AlGaAs 
emitter layer 14 (thickness: lOOnm) which furthermore doped Si 3xl017cm-3, the n+-GaAs emitter cap layer 15 
(thickness: lOOnm) which doped Si three or more [ 5x101 8cm - ], and the n+-InGaAs emitter cap layer 16 (thickness: lOOnm) 
which similarly doped Si three or more [ 1x10 19cm - ] are grown up in this order ( drawing 4 (a)). 

[0026] Next, the emitter electrode 20 which consists of WSi is formed by the spatter, a mask is carried out by the photoresist 
30, and it is processed by dry etching. The emitter cap layers 15 and 16 and the n-AlGaAs emitter layer 14 are etched, and a 
base layer is made to express furthermore using wet etching ( drawing 4 (b)). 

[0027] Next, a mask is carried out by the photoresist 3 1, wet etching of the unnecessary base layer is carried out, and the 
collector layer 12 is exposed ( drawing 4 (c)). Then, a mask is carried out by Si02 layer 32 after removing a photoresist 3 1 , 
and only the collector-electrode section is ****** e d. An organic-metal vapor growth (MOVPE) is used for the fraction, and 
the selective growth of the n+-GaAs contact layer 18 (thickness:80nm) which doped Si three or more [ lx 1018cm - ] is' 
carried out ( drawing 4 (d)). The disilane (Si2H6) was used for the raw material as trimethylgallium (TMG), an arsine 
(AsH3), and an Si dopant. What is necessary is just to add trimethylindium (TMI) to a raw material further, when carrying out 
the selective growth of the n+-InGaAs besides. In addition, in InGaAs, three or more [ 1x101 9cm - ] Si doping is possible. 
Finally a photoresist mask is covered, the collector electrode 22 which consists of the base electrode 21 and nickel/AuGe/Au 
alloy which consist of a Ti/Pt/Au alloy is formed by the lift-off method, respectively, and a device is completed ( drawing 4 
(e)). D - 

[0028] In this manufacture technique, if composition of the growth technique, growth conditions, and each layer, a thickness, 
doping concentration, the alloy further used for the modality of n type impurity and p type impurity and an electrode suit the' 
purpose, there is all optionality. Moreover, also in a process, as long as it is the technique of suiting the purpose, you may use 
what technique. For example, you may use not wet etching but dry etching as the etching technique. If AlGaAs/GaAs 
selection etching is used in case especially an emitter cap layer is etched, emitter mesa formation will become easy. 
[0029] Moreover, the technique of a selective growth is also possible not only by MOVPE but chloride VPE or an 
organic-metal molecular-beam-epitaxy method (MOMBE). 

[0030] The heterojunction bipolar transistor by this structure showed current amplification factor: 100, cut-off-frequency 
(fT):70GHz, maximum-oscillation-frequency (ftnax):150GHz, and the good property. 

[0031] Next, the heterojunction bipolar transistor and its manufacture technique of the gestalt of enforcement of the 2nd of 
this invention are explained. 

[0032] Drawing 2 is the configuration cross section of the heterojunction bipolar transistor of the gestalt of enforcement of the 
2nd of this invention. The intrinsic section of a transistor is the same as that of drawing 1 . The fraction different from 
drawing 1 is the fraction which forms an electrode being removed by etching, forming the n+-GaAs contact layer 1 8 
(thickness:580nm) which doped Si three or more [ 1x101 8cm - ] into the fraction, and forming a collector electrode 20 on the 
contact layer 18 and 19 in a collector layer. By installing the contact layer 19 which consists of n+-InGaAs on the contact 
layer 18 which consists of n+-GaAs, contact resistance can be reduced further. In addition, the dope concentration of Si of the 
contact layer 19 makes dope concentration of Si higher than the contact layer 1 8 as three or more [ lxl 019cm - ]. 
[0033] The manufacture technique of the heterojunction bipolar transistor of the gestalt this enforcement is explained with 
reference to drawing 4 (a) - drawing 4 (c), drawing 5 (a), - drawing 5 (c). The manufacture technique of the gestalt this 
enforcement is different from the manufacture technique of the gestalt enforcement of the above [ drawing 4 (d) or subsequent 
ones ]. The process which follows drawing 4 (c) is shown by drawing 5 (a) - drawing 5 (c) with the gestalt of this 
enforcement. 

[0034] First, the buffer layer 1 1, the collector layer 12, the base layer 13, the emitter layer 14, the emitter cap layers 1 5 and 
16, the emitter electrode 20, and the photoresist 3 1 are formed on the GaAs substrate 10 of the process of drawin g 4 (a) - 

drawing 4 (c) as well as the gestalt of the 1 st enforcement of the above. 

[0035] Subsequently, after carrying out a mask by Si02 layer 32 and ******ing only the collector-electrode section, wet 
etching removes the collector layer of the fraction ( drawing 5 (a)). The selective growth of the contact layer 1 8 
(thickness:580nm) which becomes the fraction which furthermore carried out etching elimination using the organic-metal 
vapor growth (MOVPE) from n+-GaAs which doped Si three or more [ 1x101 8cm - ] is carried out ( drawing 5 (b)). The 
disilane (Si2H6) was used for the raw material as trimethylgallium (TMG), an arsine (AsH3), and an Si dopant. What is 
necessary is just to add trimethylindium (TMI) to a raw material further, when carrying out the selective growth of the contact 
layer 19 which besides consists of n+-InGaAs. Moreover, three or more [ 1x1019cm - ] are in the impurity concentration of 
n+-InGaAs better [ **** ]. Finally a photoresist mask is covered, the collector electrode 22 which consists of the base 
electrode 21 and nickel/AuGe/Au alloy which consist of a Ti/Pt/Au alloy is formed by the lift-off method, respectively and a 
device is completed ( drawing 5 (c)). 

[0036] The heterojunction bipolar transistor by this structure also showed the good property more than the heterojunction 
bipolar transistor of the gestalt of the 1st enforcement of the above, and an EQC. 

[0037] Next, the heterojunction bipolar transistor of the gestalt of enforcement of the 3rd of this invention is explained. 
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Drawing 3 is the configuration cross section of the heteroj unction bipolar transistor of the gestalt of this enforcement. The 
structure of a transistor is the same as the gestalt of the 1 st enforcement shown in drawing 1 . With this structure, the contact 
layer installed on the collector layer 12 is formed by the multilayer of n+-GaAs and n+-InGaAs, and the alloy of a Ti/Pt/Au 
system is used as a collector electrode 22. Since the contact resistance with metal is low, as for n+-InGaAs, Ti/Pt/Au system 
metal can also take a contact. If the emitter cap layer is also formed by n+-InGaAs, together with a base electrode, all contact 
metal can be formed with the alloy of a Ti/Pt/Au system. If the electrode of an emitter, the base, and a collector layer is put in 
block at the end and it forms by the lift-off method as the manufacture technique, simplification of a large process can be 
attained. As metal which can be used for the same purpose, there are nickel/germanium and Pd/other In. This structure is 
applicable also to the gestalt of enforcement of the 2nd of drawing 2 . 

[0038] Next, the heterojunction bipolar transistor and its manufacture technique of the gestalt of enforcement of the 4th of this 
invention are explained. Drawing 6 is the cross section of the transistor important section for explaining the process flow. 
[0039] In this drawing, the buffer layer 1 1 (thickness:500nm) which uses a molecular-beam-epitaxy method (MBE) and 
consists of i-GaAs at the substrate temperature of 600 degrees C on the GaAs substrate 10 of half-insulation, and the n-GaAs 
collector layer 12 (thickness:500nm) which doped Si 5xl016cm-3 are grown up. Then, the p+-GaAs base layer 13 
(thickness: 80nm) which doped Be 4x101 9cm-3 is grown up. It grows up to the n-AIGaAs emitter layer 14 (thickness: lOOnm) 
which furthermore did 3xl017cm-3 </SUP> doping of Si ( drawing 6 (a)). 

[0040] Next, a mask is carried out by the photoresist 32 or Si02 layer, and emitter mesa formation and a base layer are made 
to express using wet etching ( drawing 6 (b)). Furthermore, a mask is carried out by the photoresist 33, wet etching of the 
unnecessary base layer is carried out, and the collector layer 12 is exposed ( drawing 6 (c)). 
[0041] Next, a mask is carried out by Si02 layer 32, and only the emitter electrode formation section and the 
collector-electrode formation section are ****** e d. An organic-metal vapor growth (MOVPE) is used for the fraction, and the 
selective growth of the contact layer 19 (thickness :20nm) which consists of n+-InGaAs which doped the contact layer 18 
(thickness:80nm) which consists of n+-GaAs which doped Si three or more [ lxl 01 8cm - ], and Si three or more [ 1x10 19cm 
- ] is carried out ( drawing 6 (d)). The disilane (Si2H6) was used for the raw material as trimethylgallium (TMG), 
trimethylindium (TMI), an arsine (AsH3), and an Si dopant. 

[0042] Finally a photoresist mask is covered, the emitter electrode 20 which consists of a Ti/Pt/Au alloy, the base electrode 
2 1 , and the collector electrode 22 are formed by the lift-off method, and a device is completed ( drawing 6 (e)). 
[0043] In this manufacture technique, since a contact layer and an emitter cap layer can be formed simultaneously, a process 
can be simplified further. This manufacture technique is applicable to the structure (refer to drawing 2 ) shown in the gestalt 
of the 2nd enforcement of the above. 

[0044] In this manufacture technique, if composition of the growth technique, growth conditions, and each layer, a thickness, 
doping concentration, the alloy further used for the modality of n type impurity and p type impurity and an electrode suit the 
purpose, there is all optionality. 

[0045] As mentioned above, although the gestalt of suitable enforcement of this invention was explained, this invention of 
change [ it / within the limits of the technical thought of this invention / suitably ] is clear, without being limited to the gestalt 
of the aforementioned implementation. 
[0046] 

[Effect of the invention] Since a sub collector layer is not used in a heterojunction bipolar transistor and its manufacture 
technique according to this invention in order to take a metal electrode and a contact as explained above, it is effective in the 
ability to reduce a parasitic capacitance. Moreover, in order to form a contact layer by the selective growth, the level 
difference of an element becomes small and a flattening becomes easy. Furthermore, it is effective in the ability to attain 
simplification of a process by using simultaneous formation and the same electrode of a contact layer and an emitter cap layer. 
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DESCRIPTION OF DRAWINGS 



[An easy explanation of a drawing] 

[ Drawing 1 ] It is the structure-section view of the heteroj unction bipolar transistor of the 1 st enforcement gestalt of this 
invention. 

r Drawing 2 1 1t is the structure-section view of the heteroj unction bipolar transistor of the 2nd enforcement gestalt of this 
invention. 

[ Drawing 3 ] It is the structure-section view of the heteroj unction bipolar transistor of the 3rd enforcement gestalt of this 
invention. 

[ Drawing 4 ] It is the cross section of the transistor important section for explaining the manufacture technique of the 
heteroj unction bipolar transistor of the gestalt enforcement of the 1st of this invention. 

[ Drawing 5 ] It is the cross section of the transistor important section for explaining the manufacture technique of the 
heterojunction bipolar transistor of the gestalt enforcement of the 2nd of this invention. . 

[ Drawing 6 ] It is the cross section of the transistor important section for explaining the 4th heterojunction bipolar transistor 
and its manufacture technique of the enforcement gestalt of this invention, 

[ Drawing 7 ] It is the structure-section view of the heterojunction bipolar transistor of the conventional example. 
[ Drawing 8 ] It is the structure-section view of the heterojunction bipolar transistor of the conventional example. 
[An explanation of a sign] 
lOGaAs Substrate 

1 1 Buffer Layer 

12 Collector Layer 
12a Sub collector layer 
12b, 18, 19 Contact layer 

13 Base Layer 

14 Emitter Layer 

15, 16 Emitter cap layer 

20 Emitter Electrode 

2 1 Base Electrode 

22 Collector Electrode 
30,31,33,34 Photoresist 
32 Si02 Layer 



[Translation done.] 



1 of 1 



6/12/02 10:07 AM 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgLejje 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[ Drawing 1 1 
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